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© Process for making preiiminarily printed formed body. 



© Disclosed is a process for making a preliminarily 
printed formed body, which is characterized in that a 

a halftone separated rectangular printing plate is once 
made from a rectangular original, halftone dots of 
^ each halftone-separated image are developed on an 
annular plane by picture element units finer than the 
O halftone dots to deform the shapes of the dots, an 
0^ annular halftone dot image is formed based on the 
^ changes of the shapes of the halftone dots and a 
^ halftone printing plate for the annular halftone dot 
Q image is made, and this halftone printing plate is 
applied to a blank to be formed. According to this 
22 process undesirable formation of a striped pattern 
caused by the elongating flow of the blank in the 
height direction and the contracting flow of the blank 



in the circumferential direction is prevented and a 
strange feeling is not given to the printed image, and 
a faithful printed image can be reproduced. 
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PROCESS FOR MAKING PRELIMINARILY PRINTED FORMED BODY 



Background of the Invention 



(1) Field of the Invention 

The present invention relates to a process for 
making a preliminarily printed formed body. More 
particularly, the present invention relates to a pro- 
cess for making a draw-formed printed body by 
draw-forming a preliminarily printed metal blank, in 
which a printed image manifected on the side wall 
portion of a can is formed as a halftone printed 
image which is excellent in the dimension, size, 
distribution and arrangement of halftone dots and 
the reproducibility of this halftone printed image is 
improved. 



(2) Description of the Related Art 

Draw-forming of a surface-treated steel sheet 
such as a tinplate or tin-free steel sheet or a metal 
sheet such as an aluminum sheet is widely adopt- 
ed for the manufacture of a so-called seamless can 
(two-piece can) and a metal cap. Coating or print- 
ing of individual formed bodies after the forming 
operation requires a complicated operation, and 
therefore, coating or printing of a flat blank before 
the draw-forming is desirable. 

In the draw-forming, a flat metal blank under- 
goes the plastic flow and is formed into a cup- 
shaped body. When the plastic flow of the portion 
of the flat blank, that will constitute the circum- 
ferential side wall portion of the formed body, is 
taken into consideration, it is confirmed that in this 
portion, elongation is caused in the direction cor- 
responding to the height direction of the formed 
body, while contraction is caused In the circum- 
ferential direction. 

In the preliminary printing of a flat blank for 
draw-forming, in view of the above-mentioned plas- 
tic flow of the blank. It is necessary that an original 
which is rectangular in the developed state should 
be converted to an annular printing plate. As 
means for effecting this conversion, there are 
known a hand-writing method, an optical conver- 
sion method and a digital conversion method pro- 
posed by us (Japanese Unexamined Patent Pub- 
lication No. 61-267763 and Japanese Unexamined 
Patent Publication No. 61-267053). 

According to the convention halftone printing 
method for effecting this preliminary printing, an 
original image is inputted as an picture element 
signal into a plate-making computer, the inputted 



image is annularly developed by a deforming com- 
puter to form an annular image, the annular image 
is halftone-separated by an editing means to make 
a printing halftone plate, and a blank is printed by 

5 using this printing halftone plate. 

However, in a formed body obtained by draw- 
forming a preliminarily printed metal blank, a strip- 
ed pattern not found in the original print image is 
often formed at the upper part of the side wall 

70 portion, and even in the case where a simple 
original image is printed on the side wall portion of 
a can, the inherent impression of the halftone im- 
age is not found but a strange feeling is given, and 
a halftone printed picture having a good reproduc- 

75 ibility cannot be obtained in the side wall portion of 
the can. 

As the result of investigations made by us. it 
was found that in the draw forming of a preliminar- 
ily printed metal blank, at the upper part of the side 

20 wall portion, dots become continuous in the cir- 
cumferential direction owing to the compression 
flow of the blank in the circumferential direction 
and spaces between dots in the height direction 
increase owing to the elongation flow of the blank 

25 in the height direction, and this deformation of the 
dots tends to result in formation of a striped pat- 
tern. 



50 Summary of the Invention 



It is therefore a primary object of the present 
invention to provide a process for preparing a 

55 draw-formed printed can by draw-forming a prelimi- 
narily printed metal blank, in which undesirable 
formation of a striped pattern in the side wall por- 
tion can be prevented and the reproducibility of a 
faithful printed image can be improved. 

40 Another object of the present invention is to 

provide a process for making a preliminarily prined 
formed body, in which a halftone printed image 
similar to an ordinary halftone printed image ob- 
tained on a non-deformed plane can be faithfully 

45 reproduced on the side wall portion of a formed 
body obtained by draw-form iing. 

In accordance with the present invention, there 
Is provided a process for making a printed draw- 
formed body having a printed image on the side 

50 wall portion thereof by draw-forming a preliminarily 
printed blank, which comprises converting an im- 
age on an original to be printed to picture elements 
on rectangular coordinates, which are formed by 
halftone-separating the original image and are finer 
than halftone dots, developing the respective hal- 
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ftone dots by units of picture element signals on an 
annular plane con-esponding to the rectangle to 
effect the coordinate transformation of the halftone 
dots to an aggregate of picture element signals on 
annular coordinates, making a printing halftone 
plate based on picture element signals on the 
transformed coordinates, and printing a blank by 
using the obtained printing plate. 



Brief Description of the Drawings 

Figs. 1-A and 1-B are diagram illustrating the 
principle of the invention of this application. 
Figs. 2-A and 2-8 are diagrams illustrating un- 
desirable formation of a striped pattern on the 
side wall portion of a draw-formed body. 
Fig. 3 is a block diagram illustrating the step of 
processing picture elements. 
Fig. 4 is a perspective view illustrating a printed 
draw-formed body. 

Fig. 5 is a diagram illustrating the circumferen- 
tial side wall portion of the printed draw-formed 
body of Fig. 4 in the developed state. 
Figs. 6-A through 6-C are diagrams illustrating 
the steps of making the printed draw-formed 
body shown in Fig. 4. 

Detailed Description of the Invention 



The present Invention is characterized .in that 

(1) an image on an original to be printed is con- 
verted to picture elements on rectangular coordi- 
nates, which are formed by halftone-separating the 
original image and are finer than halftone dots, and 

(2) the respective halftone dots are developed by 
units of picture element signals on an annular plane 
corresponding to the rectangle to effect the coordi- 
nate transformation of the halftone dots to an ag- 
gregate to picture element signals on annular co- 
ordinates. The present invention is based on the 
surprising finding that if a printing plate is made 
based on picture element signals on the trans- 
formed coordinates and a blank is printed by using 
the so-prepared printing plate, halftone dots which 
are substantially equal to the halftone dots on the 
rectangular coordinates in the size, shape, distribu- 
tion and arrangement are faithfully reproduced. 

Namely, according to the present invention, 
halftone dots are formed by the halftone separation 
in the state of rectangular coordinates and the 
image is separated into picture elements finer than 
the halftone dots within the range of the dots, and 
the rectangular coordinates are developed on an 
annular plane by units of the picture elements to 
transformed coordinates. In the transformed coordi- 



nates, the transformation is effected so that the 
plastic flow of the blank caused at the draw-forming 
step, that is, compression in the circumferential 
direction, and elongation in the radial direction (the 

5 height direction), can be compensated, and the 
halftone dots (halftone dots of the rectangular co- 
ordinates) are transformed to halftone dots in the 
form of an aggregate of picture elements. The 
plastic flow has already been taken into conslder- 

10 ation in the transformed halftone dots. Namely, the 
halftone dots are elongated in the circumferential 
direction while taking the contraction into consider- 
ation, and the halftone dots are contracted in the 
radial direction while taking the elongation into con- 

15 sideration. If a metal blank is printed by using the 
so-obtained printing plate and the preliminarily 
printed metal is draw-formed, the above-mentioned 
predetermined plastic flow is caused and the trans- 
formed halftone dots are restored to the halftone 

20 dots before the transformation, with the result that 
the original halftone dots are faithfully reproduced 
on the side wall of the formed body. 

Referring to Figs. 2-A and 2-8 illustrating un- 
desirable formation of a striped pattern in the side 

25 wall portion. Fig. 2-A is an enlarged view (ICQ 
magnifications) of a print Image of a blank 1 before 
the draw-forming processing, and Fig. 2-B is an 
enlarged view (100 magnifications) of a print image 
at the upper part 2 of the side wall portion after the 

30 draw-forming processing. In the blank 1 before the 
draw-forming processing, dots 4 are regulariy ar- 
ranged at certain pitches P in a white background 3 
in either the longitudinal direction (height direction) 
or the lateral direction (radial direction). The pitch P 

35 is smaller than the space that can be distinguished 
by the naked eye. In contrast, at the upper part 2 
of the side wall portion after the processing, the 
substantially square dots 4 are deformed to long 
rhombic dots 4a according to the elongation flow in 

40 the height direction and the contraction flow in the 
circumferential direction at the draw-forming pro- 
cessing or the thickness-reducing draw-forming 
processing, and the pitch in the height direction is 
increased to pH and the pitch in the circumferential 

45 direction is contracted to pC. Since the pitch of the 
dots in the circumferential direction is contracted to 
pC and the dots are substantially contiguous to one 
another and also since the pitch of dots in the 
height direction is expanded to pH that can be 

50 distinguished by the naked eye, the arrangement of 
the dots in Rg. 2-B is discriminated as a striped 
pattem. 

Namely, even if a printing plate is made by 
developing an original image to an annular plane 
55 and halftone-separating the annular image, since 
the halftone dots per se are deformed at the draw- 
forming step, and a striped pattem is undesirably 
formed and a strange feeling of the image is given. 
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In contrast, according to the present invention, 
this defect can be effectively overcome by the 
above-mentioned mechanism, and halftone dots 
can be faithfully reproduced on the surface of the 
draw-fomied printed body. Referring to Rgs. 1-A 
and 1-B Illustrating the principle of the present 
invention intelligibly, A is an enlarged view of a 
halftone-separated original image, in which B repre- 
sents a halftone dot and C represents a back- 
ground (white background portion). D represents 
rectangular coordinates separated into picture ele- 
ments finer than the halftone dots and an ag- 
gregate of picture elements E forms a dot B. The 
size and shape of the dot b' are macroscopically 
the same as those of the dots B. F shows trans- 
formed coordinates formed by developing the rec- 
tangular coordinates on an annular plane, and the 
picture elements E on the rectangular coordinates 
are transformed to picture elements E . In the dot 
e" consisting of an aggregate of these picture 
elements e'. in view of the deformation owing to 
the plastic flow, the size I in the circumferential 
direction is expanded while the size m in the radial 
direction is contracted. G shows, in the developed 
and enlarged state, the side face of the printed 
formed body obtained by using the printing plate 
made based on the transformed coordinates F and 
carrying out the draw forming. It is seen that the 
halftone dots are substantially equal to the halftone 
dots B of the original in the size and shape, and 
they are formed on the side face at substantially 
equal pitches to those in the original. 

One preferred embodiment of the present in- 
vention will now be described with reference to the 
accompanying drawings. 

Referring to Fig, 4 illustrating a printed draw- 
formed body, this printed draw-formed body 11 
comprises a bottom 12 and a circumferential side 
wail 13 seamlessly integrated with the bottom 12. 
and a print layer 14 Is formed on this side wall 13. 
Referring to Fig. 5 showing the peripheral side wall 
13 in the developed state, the print layer has a 
rectangular shape having a length L and a height 
H. 

Referring to Rgs. 6-A through 6-C illustrating 
the steps of preparing a draw-formed printed 
formed body 11. at first, an annularly developed 
print layer 17 is applied to a flat, metal blank by 
using a halftone-separating printing plate (Fig. 6-A). 
This annular print layer 17 has an inner circum- 
ferential portion 18 almost equal to the length L of 
the rectangular print layer 14 and an outer circum- 
ferential portion 1 9 larger than the length L, and the 
difference D between the radius of the circumferen- 
tial portion and the radius of the inner circumferen- 
tial portion is smaller than the height H of the 
rectangular print layer 14 and the area of the 
annular print layer 17 is substantially equal to or 



smaller than the area of the rectangular print layer 
14. The degree of this contraction of the area 
corresponds to the degree of the thickness reduc- 
tion of the side wail portion. 

5 The printed metal blank 15a is punched into a 

circular blank 22 by using a shearing die 30 and a 
shearing punch 31 at the shearing step shown in 
Fig. 6-B. Then, at the draw-forming step shown in 
Fig. 6-C, the circular blank or pre-drawn cup 22 is 

70 gripped between a drawing die 33 having a diam- 
eter corresponding to the outer diameter of the 
fonmed body and a blank holder 34, and a drawing 
punch 25 having an outer diameter corresponding 
to the inner diameter of the formed body is 

75 pressed into the circular blank 22 to form a draw- 
formed body 1 1 shown In Rg. 4. 

The preparation of the halftone-separated print- 
ing plate to be applied to the blank of the formed 
body will now be described. 

20 The halftone-separating printing plate is made 

according to the flow chart of Rg. 3, At first, a 
rectangular original image as shown in Fig. 5 is set 
at a halftone plate-making apparatus 26, in which 
color resolution of the original image is carried out, 

25 and a rectangular C halftone-separating plate 22C 
(cyan halftone-separating plate), a rectangular M 
halftone-separating plate 22M (magneta halftone- 
separating plate), a rectangular Y halftone-separat- 
ing plate 22Y (yellow halftone-separating plate) and 

30 a rectangular BK halftone-separating plate 22B 
(black halftone-separating plate) are made. Then, 
rectangular halftone-separated images based on 
these halftone-separating plates are prepared and 
they are read in an input scanning mechanism 27. 

35 In this case, the halftone plate-making apparatus 
can be integrated with the input scanning mecha- 
nism so that the input scanning can be directly 
performed without forming a rectangular halftone- 
separated image. 

40 Referring to the block diagram of Fig. 3 illus- 

trating the halftone-scattered image processing 
treatment, the apparatus to be used for this pro- 
cess comprises, in general, an input scanning 
mechanism 27 for converting each of halftone- 
's separated images to an electric signal, a known 
plate-making computer 28 for performing 
analog/digital conversion of a picture element sig- 
nal finer than the dot from the input scanning 
mechanism 27, inputting it as a digital picture ele- 

50 ment signal, performing, if necessary, aditining op- 
erations such as correction, cutting, designation of 
the position, trimming and character composition, 
performing digital/analog conversion of the digital 
picture element signal and inputting the converted 

65 signal, an output scanning mechanism 30 for mak- 
ing a printing plate or block copy based on an 
electric signal from the computer 28, a recording 
material 31 for storing data of the plate-making 
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computer 28, and a deformation processing com- 
puter 32 for transforming the rectangular coordi- 
nates of tiie digital picture element signal from the 
plate-making computer 28, to annular coordinates 
having the same area as that of the rectangular 
coordinates and inputting the picture element sig- 
nal on the transformed coordinates into the plate- 
making computer 32 again. 

A known input plane scanning system where 
an original is read line by line in the direction of the 
axis X (main scanning) and then, the original is 
read line by line in the direction of the axis Y 
(subsidiary scanning) can be used as the input 
scanning mechanism 27, and the reading scanning 
is carried out by detecting reflected light or trans- 
mited light by a photomultiplier tube, a phototran- 
sistor or a charge coupling device. 

The plate-making computer 28 comprises a 
central processing unit (CPU) for receiving and 
analyzing input and output commands, working var- 
ious programs and controlling input and output 
devices, a terminal equipment for issuing instruc- 
tions to central processing unit (CPU), and a station 
for carrying out the image processing and editing, 
and the computer 28 further comprises a disk drive 
for use in storing systems and various files, and a 
magnetic tape device for reading the systems and 
saving and restoring the flies. As a typical instance 
of the plate-making computer, there can be men- 
tioned Response 300 Series marketed by Scilex, 
Israel, Furthemore, there can be used plate-making 
computers such as Studio 800 Series (Crossfield. 
Great Britain), Chromacom System (Rudolf Hell, 
Wet Germany), Pagematic System (Dai-Nippon Ink 
Kagaku Kogyo) and Sigmagraph System 2000 
(Dai-Nippon Screen Seize). 

According to the present invention, by the de- 
formation processing computer 32, the rectangular 
coordinates are transformed to digital coordinates 
of an annular plane having the same area as that of 
this rectangle, an annular plane having a dimin- 
ished area corresponding to the reduction of the 
thickness in the case where the thickness of the 
side wall is reduced, or an annular plane having a 
slightly enlarged area in the case where the side 
wall becomes a tapered surface, and data of each 
halftone dot are transformed by picture element 
units finer than the halftone dot and picture ele- 
ments on the transformed coordinates are read out 
and outputted in order of the coordinates. 

This transformation of the coordinates can be 
performed according to the method and flow chart 
disclosed in Japanese Unexamined Patent Publica- 
tion No. 61-267763 and Japanese Unexamined Pat- 
ent Publication No. 61-267053. and furthermore, 
the transformation of the coordinates can be per- 
formed while making a correction based on the 
anisotropy of elongation of a metal blank. The latter 



method is disclosed in detail in Japanese Unex- 
amined Patent Publication No. 62-93030. 

In the case where bending deformation and 
rebending deformation are caused by using a re- 

5 drawing die having a small radius of curvature at 
the deep-drawing (re-drawing) step and the thick- 
ness of the side wall portion is thus reduced, while 
taking it into consideration that the side wall portion 
is elongated in the height direction at the draw 

10 forming and re-draw forming, the rectangular print- 
ed original is subjected to a digital image process- 
ing of diminishing the original image in the height 
direction, and simultaneously with or subsequently 
to this processing; the above-mentioned transfor- 

75 mation processing of developing the diminished 
original image to an annular plane is carried out. 

The coordinate-transformed data are inputted 
into the plate-making computer 28 in order of re- 
cording. 

20 The picture element signals on the transformed 

coordinates are supplied to the output scanning 
mechanism 30 in order of the coordinates and a 
printing plate or block copy is made. 

A known scanning recording system can be 

25 adopted as the output scanning mechanism 30. For 
example, there can be adopted various systems 
utilizing a silver salt photographing method, a dry 
silver recording method, an electrophotographic 
method, an electrostatic recording method, a nega- 

30 tive or positive photoresist recording method, a 
photopolymer recording method, a diazo photog- 
raphing method, a gelatin dichromate plate-making 
method, an electrolytic recording method, a dis- 
charge breakdown recording method, an electric 

35 thermal recording method, a thermal recording 
method, a pressure recording method, an ink jet 
recording method or the like. As the scanning 
system, there can be adopted mechanical scanning 
systems such as a cylinder scanning system, a 

40 rotary disk scanning system, a helix cylinder scan- 
ning system, a belt type plane scanning system 
and a multi-needle plane scanning system, electron 
tube scanning systems such as a flying spot tube 
system, an optical fiber system and a multi-needle 

45 electrode tube system, and solid scanning systems 
such as a multi-needle electrode head system. In 
the present invention, among these various record- 
ing systems, a laser recording system is preferably 
used for reading an original and forming a printing 

so plate, because this recording system is advanta- 
geous in that light energy can be concentrated on 
a micro-fine region of the wavelength order, light 
beams can be scanned over a broad region and 
on-off scanning can be performed at a high speed. 

55 He-Ne laser, Ar laser. He-Cd laser and the like can 
be used as the laser beam source. 

In the present invention, the picture element 
density in the rectangular coordinates and final 
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transformed coordinates can be changed over a 
broad region according to need, but it is general 
preferred that the picture element density be 12 to 
100 dots/mm. In case of a pattern original, it is 
especially preferred that the picture element den- 
sity be 12 to 14 dots/mm, and in case of a letter 
original, it is preferred that the picture element 
density be 36 to 100 dots/mm. 

A halftone screen for the halftone separation, 
which has a pitch of 50 to 300 lines/inch, especially 
100 to 200 lines/inch, is advantageously used. 

For making a monochromatic image printing 
plate, of the halftone-separating printing plates 29C, 
29M, 29Y and 29B shown In Fig. 3. the plates 29B. 
29M and 29Y need not be used. 

As is apparent from the foregoing description, 
according to the present invention, a halftone-sepa- 
rated rectangular printing plate is once made from 
a rectangular original, halftone dots of each 
halftone-separated image are developed on an an- 
nular plane by picture element units finer than the 
halftone dots to deform the shapes of the dots, an 
annular halftone dot image is formed based on the 
changes of the shapes of the halftone dots and a 
halftone printing plate for the annular halftone dot 
image is made, and this halftone printing plate is 
applied to a blank to be formed, whereby un- 
desirable formation of a striped pattern caused by 
the elongating flow of the blank in the height direc- 
tion and the contracting flow of the blank in the 
circumferential direction is prevented and a strange 
feeling is not given to the printed image, and a 
faithful printed image can be reproduced. 



Claims 

1. A process for making a printed draw-formed 
body having a printed image on the side wall 
portion thereof by draw-forming a preliminarily 
printed blank, which comprises converting an im- 
age on an original to be printed to picture elements 
on rectangular coordinates, which are formed by 
halftone-separating the original image and are finer 
than halftone dots, developing the respective hal- 
ftone dots by units of picture element signals on an 
annular plane corresponding to the rectangle to 
effect the coordinate transformation of the halftone 
dots to an aggregate of picture element signals on 
annular coordinates, making a printing halftone 
plate based on picture element signals on the 
transformed coordinates, and printing a blank by 
using the obtained printing plate. 

2. A process according to claim 1 , wherein reading 
of the original and formation of the printing plate 
are carried out according to the laser recording 
method- 

3. A process according to claim 1. wherein the 



picture element density in the rectangular coordi- 
nates and final transformed coordinates is in the 
range of from 12 to 100 dots/mm. 

4. A process according to claim 3, wherein the 
5 original is a pattern original and the picture element 

density is 12 to 14 dots/mm. 

5. A process according to claim 3, wherein the 
original is a letter original and the picture element 
density is 36 to 100 dots/mm. 

10 6. A process according to claim 1, wherein a hal- 
ftone dot screen having a pitch of 50 to 300 
lines/inch is used for the halftone separation. 
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FIG. 6-A 
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FIG.6-B 
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FIG.6-C 
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